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Introduction
Polypyridyl multidentate ligands based on ethylenediamine backbones are an important class of metal-binding agent with particular applications in biomimetics and homogeneous catalysis. We have introduced derivatives of this class of ligand which incorporate a single amino acid group and employed them to prepare model complexes for redox-active non-heme sites in metalloenzymes. Functional biomimetic and catalytic reactivity, for example, in the activation of O 2 and H 2 O, has been demonstrated (Poulsen et al., 2005; Nielsen et al., 2006; Vad et al., 2011 Vad et al., , 2012 de Sousa et al., 2015; Deville et al., 2015) . Dangling pyridines and the carboxylate groups are proposed to assist in proton transfer and the carboxylate group can be either terminal or bridge between metal ions to form oligomers and polymers (Berggren et al., 2009; Egdal et al., 2011) . The latter has proven to be an advantage for achieving stability of Mn II complexes towards air oxidation. If bridging does not occur, noncoordinated carboxylate O atoms are usually involved in hydrogen bonding in the solid state and these interactions may be important for solution-state reactivity, for example, in proton transfer (Vad et al., 2012) .
The structures of the redox-stable copper(II) and zinc(II) complexes of the ligand N,N,N 0 -tris(pyridin-2-ylmethyl)ethylenediamine-N 0 -acetate (tpena) reported here are important for predicting the structures of more reactive redox-active systems ISSN 2053 ISSN -2296 # 2016 International Union of Crystallography of earlier transition metal ions. They reveal two new structural prototypes, albeit with identical stoichiometry, thereby illustrating the coordinative flexibility of this ligand (see Scheme).
Experimental

Synthesis and crystallization
The copper and zinc halide complexes of tpena were prepared by mixing an aqueous solution (1 ml) of Na(tpena)-(CH 3 CH 2 OH) (0.048 mmol) (Vad et al., 2011) with two equivalents of the appropriate dibromide or dichloride (0.097 mmol) dissolved in MeOH (2 ml). Upon slow evaporation of the solvent, either colourless crystals of the zinc or turquoise crystals of the copper complexes formed over a period of several days. These were isolated by filtration and washed with cold H 2 O (yields 70-90% 58 (33.30), H 3.28 (3.55), N 8.72 (8.83 ).
Refinement
Crystal data, data collection and structure refinement details for Zn 2 (tpena)Cl 3 , (I), Zn 2 Br 3 (tpena), (II) The data were processed as a two-component twin using TWINABS (Sheldrick, 2012) and refined using a data set constructed from all observations involving domain 1, including those that overlapped with observations from domain 2 (SHELXL HKLF 5 format). The minor twin fraction was 0.4366 (8). In each structure, all H atoms bonded to C atoms were added in calculated positions, with C-H = 0.99 (CH 2 ) or 0.95 Å (aromatic) and U iso (H) = 1.2U eq (C). Complex (III) contains hydrogen-bonded water molecules. Most of the H atoms were not evident in difference maps, but the water O atoms are within hydrogen-bonding distance of each other. Attempts to develop a self-consistent model starting from the acceptors (carbonyl groups and bromide ligands) that could not be hydrogen-bond donors were only partially successful, suggesting that at least some of the H-atom sites may be disordered. These H atoms were not included in the model. One of the water molecules (O12) is disordered about a centre of inversion and was refined with 50% occupancy.
Results and discussion
The copper and zinc halides of tpena are prepared easily by direct reaction of the metal salts with Na(tpena) in methanol. (Vad et al., 2011; de Sousa et al., 2015) . Thus, the usual characterization methods gave no indication of the significant structural differences between the copper research papers The ESI mass spectra (acetonitrile, positive mode, 10 À6 M) of (a) Zn 2 Br 3 (tpena) and (b) Cu 2 Br 3 (tpena). The ion at m/z 317.080 in part (b) is due to the loss of a CH 2 Py arm and CO 2 from [Cu(tpena-CO 2 -CH 2 Py)]
+ (see Fig. 2 for proposed structure).
and zinc complexes that we have found in the solid state. However, close (and retrospective) inspection of IR spectra reveal small differences in the as (OCO) carbonyl stretches just above 1600 cm
À1
. With the knowledge gained from the crystal structure analyses these are indicative of the anti--OCO arrangement of the bridging carboxylate donor in the zinc complexes and the monodendate terminal carboxylate group in the copper complex. Further, the ESI mass spectrum of the copper complex indicates that this complex is more easily fragmented. A prominent daughter ion at m/z 317.080 is due to decarboxylation and loss of a methylpyridyl arm. A proposed structure for the daughter ion is given in Fig. 2 The asymmetric unit of complex (I) comprises one Zn 2 (tpena)Cl 3 formula unit (Fig. 3) . The Zn1 ion occupies the six-coordinate N 5 O site, with irregular geometry imposed by the five five-membered chelate rings. The second metal ion, Zn2, has an approximately tetrahedral Cl 3 O coordination sphere, being linked to the tpena ligand through a single coordinate bond to carboxylate atom O2. The carboxylate group acts as an anti-1,3-bridge between the two Zn II ions. The pyridine groups in the N 4 plane link the molecules intostacked columns generated by the symmetry operations (Àx + 1, Ày + 1, Àz + 1) and (Àx + 2, Ày + 1, Àz + 1) (Fig. 4) , though the interacting rings are not parallel.
The asymmetric unit of complex (II) comprises two independent Zn 2 Br 3 (tpena) formula units (Fig. 5) Figure 2 Proposed structure for the daughter ion at m/z 317.080 in the ESI MS spectrum of Cu 2 Br 3 (tpena), (II).
same connectivity as described for chloride complex (I). The two independent molecules are linked by -stacking between the pyridine groups in the N 4 planes [centroid-centroid distances = 3.673 (4) and 3.803 (4) Å ], but, in contrast to complex (I), the stacking does not extend through the structure. The crystal packing is dominated by a substantal number of C-HÁ Á ÁBr hydrogen bonds in the range 3.58-3.94 Å (Table 5 ).
In copper complex (III), there are two independent molecular units, as shown in Fig. 6 . In contrast to complexes (I) and (II), the central ethylenediamine section of the tpena ligand is extended, providing two separate tridentate binding sites, i. The molecular structure of Zn 2 Br 3 (tpena), (II). Displacement ellipsoids are drawn at the 50% probability level and H atoms have been omitted for clarity. Table 5 Hydrogen-bond geometry (Å , ) for (II). Symmetry codes: (16) ], while atom Cu2 has a coordinated water molecule as the fifth ligand and is closest to square pyramidal ( = 0.29). There is no convincing -stacking in complex (III), instead the packing is apparently controlled by hydrogen bonding in columns parallel to the a axis, involving the water molecules, the uncoordinated carboxylate O atoms and some of the bromide ions (Table 6 and Fig. 7 ).
All previously published complexes containing tpena have been ionic species with a 1:1 metal-tpena ratio in which the metal ion binds either all six tpena donors in six or sevencoordinated complexes (Vad et al., 2011; de Sousa et al., 2015) or releases one pyridine donor to bind an exogenous ligand (Vad et al., 2012; de Sousa et al., 2015) . Carboxylate bridging to another metal ion has also been observed previously in related systems, but in those cases the link has resulted in polynuclear manganese(II) ionic assemblies with all the metal ions in similar environments (Berggren et al., 2009; Egdal et al., 2011) . The presence of halides and less oxophilic metal ions has driven the formation of halide complexes and different phases. In the current complexes, the Hydrogen-bonded columns of water molecules parallel to the a axis in complex (III).
Figure 8
The use of a metathesis reaction for preparing pure samples of an oxidebridged diiron(III) complex.
Figure 6
Perspective view of the two independent molecules of (III). Displacement ellipsoids are drawn at the 50% probability level, and H atoms and uncoordinated water molecules have been omitted for clarity. Symmetry codes: (i) Àx, Ày + 1, Àz + 1; (ii) x À 1, y, z; (iii) Àx + 2, Ày, Àz + 1; (iv) x, y À 1, z.
2:1 metal-tpena stoichiometry and availability of relatively strongly coordinating halide anions provide the conditions required for the isolation of neutral dinuclear compounds. In zinc complexes (I) and (II), tpena acts as a hexadentate ligand and the encapsulated metal binding site is essentially the same as that reported previously for the mononuclear Co III and Cr III complexes (Vad et al., 2011; de Sousa et al., 2015) . The tetrahedral OX 3 coordination of the second zinc ion is quite common (Cambridge Structural Database, Version 5.36; Groom & Allen, 2014) . A few examples of M-(OCO)-ZnCl 3 linkages involving pendant carboxylate groups are known (Panneerselvam, Lu, Chi, Liao & Chung, 2000; Panneerselvam, Lu, Chi, Tung & Chung, 2000; Barfod et al., 2005) and their geometry is similar to that of complex (I); no bromide analogs of (II) were found.
The structure of (III) is unexpected and is perhaps a consequence of the preference of copper(II) for pentacoordination and the difficulty of accommodating a JahnTeller ion in the N 5 O site. The structure might suggest that the incorporation of stiffening backbones could be advisable when designing catalysts based on ligands of this type if reactivity is dependent on catalytically competent mononuclear metal species.
The separation and purification of polypyridyl ligands, typically from reactions between amines and alkyl halides, in pure forms is often difficult. Sticky brown oils not amenable to chromatography or distillation, containing related ligands, are the standard products. With the introduction of carboxylate groups this problem is only exacerbated since their zwitterionic character introduces considerable separation and purification issues during work-up. The isolation and characterization of Zn 2 (tpena)Cl 3 has opened up a significantly improved methodology for the preparation of the pro-catalyst iron complex [Fe III 2 (-O)(tpenaH) 2 ](ClO 4 ) 4 (Fig. 8) . Zinc-doped products can be an issue in reactions like this; however, this is not the case here due to the inherent and metal-specific structural differences, specifically, the requirement of an oxide-bridging group for the diiron(III) complex. It is an elegant metathesis reaction since zinc can simply not form the same oxide-bridged structures as iron. Crystallization is a key, however, and precipitations will yield a powder containing both [Fe APEX2 (Bruker, 2012) ; data reduction: SAINT (Bruker, 2012 ); program(s) used to solve structure: SHELXT2014 (Sheldrick, 2015a ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015b) ; molecular graphics: SHELXTL (Bruker, 2012) and Mercury (Macrae et al., 2006) . Software used to prepare material for publication: SHELXTL (Bruker, 2012) and publCIF (Westrip, 2010) for I_vCM14088; publCIF (Westrip, 2010) for II_vcm14089, III_vCM14087twin5.
(I_vCM14088) Trichlorido[µ-N,N,N′-tris(pyridin-2-ylmethyl)ethylenediamine-N′-acetato]dizinc(II)
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refined as a 2-component inversion twin. Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refined as a 2-component twin.H atoms of the water molecules were not located and are not included in the model. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
i) x+1/2, −y+2, z; (ii) x, y−1, z; (iii) x, y+1, z; (iv) −x+1, −y+2, z+1/2; (v) x−1/2, −y+1, z.(
